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ABSTRACT
Melatonin rhythms were assessed in 49 registered blind individ-
uals by measurement of the urinary metabolite of melatonin, 6-sulfa-
toxymelatonin (aMT6s). Subjects had different causes of visual loss
and were classified as having light perception or better (LP; n 5 19)
or having no perception of light (NPL; n 5 30). Subjects collected
four-hourly urine samples (eight-hourly overnight) for 48 h at weekly
intervals for 3–5 weeks. The majority of LP subjects (14 of 19) had
normally entrained aMT6s rhythms (mean acrophase range, 2.4–6.2
h), 4 were abnormally entrained to 24 h (mean acrophase range,
8.9–1.0 h), and 1 was unclassified. Conversely, most NPL subjects had
abnormal rhythms (23 of 30), the incidence of which was greater in
uni- and bilaterally enucleated subjects. The majority of NPL subjects
(17 of 30) had free-running aMT6s rhythms (period range, 24.13–
24.79 h), 5 were abnormally entrained to 24 h (acrophase range,
7.2–20.6 h), and 1 was unclassified. Output (micrograms of aMT6s per
24 h) and amplitude (micrograms per h) of aMT6s production did not
vary between LP and NPL subjects (mean 24-h output 6 SD, 12.7 6
7.5 and 9.4 6 6.4 mg aMT6s/24 h, respectively; mean amplitude 6 SD,
0.6 6 0.4 and 0.5 6 0.3 mg/h, respectively). These results indicate that
a higher proportion of NPL subjects have abnormal melatonin
rhythms compared to those with LP. (J Clin Endocrinol Metab 82:
3763–3770, 1997)
THE PINEAL hormone melatonin is considered to be oneof the most reliable markers of the periodicity of the
endogenous body clock (1). Its production is highly rhythmic
and is characterized by high nighttime levels and low day-
time levels in normally entrained, sighted individuals. Its
rhythm is highly reproducible in an individual, and unlike
other circadian rhythms such as core body temperature or
cortisol, it is minimally masked by sleep, activity, or stress
(1–4). The major metabolite of melatonin is 6-sulfatoxymela-
tonin (aMT6s), and its pattern of production in both plasma
and urine faithfully reflects that of melatonin in both normal
(5–9) and phase-shifted conditions (10, 11). Abnormally
timed melatonin production, as an indicator of circadian
rhythm disorder, has been demonstrated in shift work (12,
13) and jet lag (14–16). The reduction of melatonin produc-
tion and amplitude with increasing age (17, 18) is also as-
sociated with increased incidence of sleep disorder (19).
The circadian rhythm of melatonin is generated in the
suprachiasmatic nuclei (SCN) of the hypothalamus, the site
of the major circadian pacemaker, and it is entrained to the
24-h day primarily by the light-dark (LD) cycle (4). In the
absence of a LD cycle (i.e. under constant conditions or tem-
poral isolation), the melatonin rhythm reverts to its endog-
enous timing, usually to a “day” longer than 24 h (4, 20). This
light-dark control is mediated by the eyes and transduced to
the SCN via the retinohypothalamic tract (RHT) (21). The
periodicity and timing of circadian rhythms can thus be an
indirect assessment of the integrity of the retina-RHT-SCN
pathway.
Blind individuals may have abnormal retinal processing
and/or a defective RHT and, therefore, may not be capable
of photic entrainment. In this case, their circadian rhythms,
including the rhythm of melatonin production, would be
expected to exhibit a non-24-h pattern. The occurrence and
incidence of free running rhythms in the blind have been
documented for the rhythms of melatonin, temperature, cor-
tisol, and, to a lesser extent, sleep (22–34). Studies have con-
cluded that blind individuals can be classified into four cat-
egories: 1) normally entrained to 24 h, 2) abnormally
entrained to 24 h, 3) free running with a period either greater
or less than 24 h, and 4) unstable, with no discernible pattern
(25, 31).
In previous studies, the majority of blind individuals have
had no conscious light perception. As the effects of light are
intensity dependent with regard to both light-induced
melatonin suppression (7, 35–37) and light-induced phase
shifts in sighted humans (38, 39), the severity of visual loss
may determine whether photic entrainment can occur. There
has been no previous attempt to assess the relationship be-
tween endogenous circadian rhythms and visual loss or type
of disease. Additionally, there have been few longitudinal
field studies of blind individuals living in normal conditions
measuring the effect of a conventional 24-h lifestyle on en-
dogenous rhythms.
This report describes the aMT6s rhythms of 49 registered
blind individuals, many of whom had sleep disorders, and
Received April 22, 1997. Revision received July 16, 1997. Accepted
July 25, 1997.
Address all correspondence and requests for reprints to: Dr. Steven
W. Lockley, Chronobiology Laboratory, School of Biological Sciences,
University of Surrey, Guildford, Surrey, United Kingdom GU2 5XH.
E-mail: s.lockley@surrey.ac.uk.
* This work was supported by the South Thames Regional Health
Authority, United Kingdom; Stockgrand Ltd., University of Surrey,
United Kingdom; and Servier Research and Development, France.
0021-972X/97/$03.00/0 Vol. 82, No. 11
Journal of Clinical Endocrinology and Metabolism Printed in U.S.A.
Copyright © 1997 by The Endocrine Society
3763
relates the pattern of melatonin production to the severity of
their visual loss and eye disease.
Subjects and Methods
Subjects
Forty-nine registered blind subjects were recruited from a database
compiled to assess the incidence of sleep disorders in the blind (40).
Ethical permission for the study was granted by the University of Surrey
advisory committee on ethics and the Moorfields Eye Hospital ethics
committee. Informed consent was obtained from all subjects and in-
cluded consent for the assessment of urine for excluded medications.
Ophthalmological examination and a structured interview revealed that
they suffered from a range of diseases and that the duration and rapidity
of onset of blindness varied (Table 1). Of these 49 individuals, 19 had
conscious light perception or better (LP subjects), and 30 had no con-
scious perception of light (NPL subjects). LP subjects were classified
according to the severity of their visual loss as having visual acuity of
at least 3/60 vision (n 5 7), being able to count fingers (CF; n 5 5), being
able to see hand movements only (HMO; n 5 4), or being able to perceive
light only (PL; n 5 3) and are referred to as LP subjects throughout this
report (Table 1a). NPL subjects were classified into 3 groups according
to the number of eyes present on the basis that there may be a quan-
titative difference in the number of photoreceptors present in each group
[2 eyes present (2E; n 5 12), 1 eye present (1E; n 5 7), or no eyes present
(0E; n 5 11); Table 1b].
The majority of subjects (86%) complained of a sleep disorder as
assessed by the Pittsburgh Sleep Quality Index (PSQI; $5) (41). All of the
subjects were in good health and were excluded if they were taking any
medication known to affect sleep and/or melatonin production (tricyclic
antidepressants, monoamine oxidase inhibitors, serotonin reuptake in-
hibitors, benzodiazepines, neuroleptics, b-blockers, or sleeping medi-
cation). During the study, 8 of 19 LP subjects and 21 of 30 NPL subjects
were employed, with conventional working hours.
Study schedule
All subjects were studied for at least 3 consecutive weeks. No attempt
was made to alter the lifestyles of the individuals during the study. For
48 h each week, the subjects collected sequential approximately four-
hourly urine samples (eight-hourly overnight) for measurement of
aMT6s. After each collection period, the subjects measured and recorded
the volume or weight of the sample and the time of the urine collection
period. A 5-mL urine aliquot was frozen (220 C) until assay of aMT6s.
Assay
Urinary aMT6s concentrations were measured by RIA using the
method of Arendt et al. (5) adapted by Aldhous and Arendt (42). An-
tiserum was supplied by Stockgrand Ltd., University of Surrey (Guild-
ford, UK; batch G/S/1118–23884). All samples from an individual were
measured in a single assay. The intraassay coefficients of variation (CVs)
were 10.8% and 10.5% at 3.7 ng/mL (n 5 10) and 26.4 ng/mL (n 5 10),
respectively, and the interassay coefficients of variation (CV) were
17.7%, 21.8%, 12.8%, and 10.0% at 3.4 ng/mL (n 5 59), 23.5 ng/mL (n 5
59), 39.6 ng/mL (n 5 32), and 43.9 ng/mL (n 5 19), respectively.
24-h aMT6s production
The mean 24-h aMT6s output was calculated for each week (micro-
grams per 24 h) for each subject with the associated CV. The data were
grouped according to sex, age (19–29, 30–39, 40–49, 50–59, and $60 yr),
severity of visual loss (LP subjects, $3/60 vision, CF, HMO, PL; NPL
subjects, two, one, or no eyes present), light perception (LP or NPL), and
circadian rhythmicity (normally entrained, abnormally entrained, free
running, and unclassified) and were assessed by one-way ANOVA.
Assessment of circadian rhythmicity
aMT6s output for each sequential collection period (nanograms per
mL) was converted to nanograms per h and subjected to cosinor analysis
(software provided by Dr. D. S. Minors, University of Manchester,
Manchester, UK) to provide the acrophase time (f), amplitude, and
mesor of the aMT6s rhythm. Only results that showed a significant fit
to a cosine curve (P , 0.05) were used in further analyses. To assess any
change in the timing of aMT6s production and to determine the peri-
odicity of the rhythm for each subject, regression lines were fitted
through the significant acrophases (t 5 24 h 1 slope). A rhythm was
considered to be significantly free running when the 95% confidence
limits of the line did not cross 0 (i.e. 24.00 h). Subjects were considered
to be entrained if the regression analysis was not significantly different
from 24 h. Subjects were classified as abnormally entrained if the mean
acrophase time fell outside the normal range for sighted individuals
(range; mean 6 2 sd, 4.2 6 2.9 h; n 5 80) (English J. and Arendt J.,
unpublished results) and as normally entrained if the mean acrophase
TABLE 1a. Details for 19 subjects with LP, categorized according to their severity of visual loss
Subject no. Sex Age PSQIscore Diagnosis
Onset of
visual loss
Rapidity
of loss
$3/60 vision
4 M 36 9 Retinitis pigmentosa 1988 Years
5 M 52 8 Retinitis pigmentosa 1970s Years
8 M 23 8 Fundus flavimaculatus 1989 Years
9 F 46 12 Acute zonal ocult outer retinopathy 1991 Days
10 M 24 13 Retinitis pigmentosa 1990 Years
12 M 33 6 Stargardt’s disease 1970s Years
47 M 61 7 Congenital optic atrophy Birth
Counting fingers
1 F 47 10 Multifocal chorioretinitis, SRNVM, retinal detachment 1991 Weeks
2 F 47 10 SRNVM 1993 Days
11 M 35 7 Retinitis pigmentosa 1993 Years
15 M 36 7 Retinitis pigmentosa 1980 Years
19 M 26 6 Retinitis pigmentosa 1993 Years
Hand movements only
3 F 61 9 Retinitis pigmentosa 1973 Years
7 M 59 9 Retinitis pigmentosa 1991 Years
21 F 35 6 Retinal aplasia Birth
37 F 48 5 Retinitis pigmentosa 1990 Years
Perception of light only
6 M 41 8 Retinopathy of prematurity Birth
40 F 47 3 Retinitis pigmentosa 1958 Years
41 M 35 6 Retinal aplasia Birth
PSQI, Pittsburgh Sleep Quality Index (range, 0–21; a score $5 is indicative of a sleep disorder); SRNVM, subretinalneovascular membrane.
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fell inside the normal range. For free running subjects, any correlations
of t with age and PSQI score were determined. Amplitudes derived from
cosinor analysis were analyzed by one-way ANOVA to investigate any
difference between subjects, and a CV for amplitude was calculated to
measure within subject variability. The data were grouped according to
sex, age, severity of visual loss, light perception, and circadian rhyth-
micity as described for 24-h aMT6s production and were assessed by
one-way ANOVA.
Results
Age and PSQI
The mean age and PSQI scores (6sd) for the whole pop-
ulation (n 5 49) were 46.1 6 12.3 yr (range, 19–72 yr) and
8.4 6 3.5 (range, 3–16), respectively. There were no signifi-
cant differences with respect to age or PSQI score within the
LP subgroups, within NPL subgroups, or between all LP and
NPL subgroups (by one-way ANOVA, P . 0.05; Fig. 1, A and
B). Overall, however, NPL subjects were significantly older
than LP subjects (mean ages 6 sd for LP and NPL subjects
were 41.7 6 11.7 and 48.9 6 12.0 yr, respectively; P , 0.05),
although there was no significant difference in the PSQI
scores (P . 0.05; Fig. 1, A and B).
24-h aMT6s production
All subjects produced measurable amounts of urinary
aMT6s. There was a high degree of consistency in the 24-h
aMT6s output within an individual. The mean CVs (6sd) for
24-h aMT6s output for LP and NPL subjects were 21.3 6
10.9% and 17.1 6 12.3%, respectively. There was no signif-
icant difference in the mean 24-h output within LP or NPL
subgroups, between all LP and NPL subgroups, or overall
between LP and NPL subjects (P . 0.05; Fig. 1C). The mean
(6sd) 24-h aMT6s outputs were 12.7 6 7.5 mg/24 h (range,
1.9–28.6 mg/24 h) and 9.4 6 6.4 mg/24 h (range, 1.7–30.1
mg/24 h) for LP and NPL subjects, respectively. There was
no significant effect of age on aMT6s output (P . 0.05), but
there was a trend for output to decrease with increasing age
(r 5 20.19). There was also no significant difference between
the 24-h aMT6s output with respect to sex (P . 0.05).
Assessment of circadian rhythmicity
Subjects with light perception. Overall, 18 of the 19 LP subjects
showed a significant rhythm in aMT6s production, as as-
sessed by cosinor analysis. Table 2A shows the mean ac-
rophase times and the period of the aMT6s rhythm. With
respect to the severity of visual loss, Table 3 shows that the
majority of subjects in the LP subgroups were normally en-
trained (range, 57–100%), and a minority of subjects were
abnormally entrained (range, 20–33%). One subject (S8) did
not show any significant rhythm and was defined as un-
classified. Overall, of the 19 LP subjects, 14 individuals had
normally entrained aMT6s rhythms (74%), 4 subjects ap-
peared to be abnormally entrained (21%), and 1 was unclas-
sified (5%; Table 3). Figure 2A shows a representative ex-
ample of a subject with a normally entrained aMT6s rhythm.
TABLE 1b. Details for 30 subjects with no NPL, categorized according to the number of eyes present
Subject no. Sex Age(yr)
PSQI
score Diagnosis
Onset of
visual loss
Rapidity
of loss
2 eyes present
13 M 48 12 Retinal detachment, myopia 1967 Months
16 F 61 6 Retinal detachment 1987 Days
17 M 44 14 Microphthalmia 1965 Years
22 F 50 12 Retinitis pigmentosa, retinal detachment, cataracts 1985 Years
25 M 62 11 Retinitis pigmentosa, cataracts 1960s Years
35 M 49 9 Advanced diabetic retinopathy 1972 Days
38 M 57 7 Retinal detachment 1953 Weeks
39 M 46 5 Retinal detachment 1993 Days
42 F 47 9 Leber’s congenital amaurosis Birth
46 M 36 3 Retinal detachment 1977 Days
49 M 46 11 Retinitis pigmentosa 1965 Years
50 F 39 14 Optic nerve injury 1973 Days
1 eye present
14 M 32 11 Measles keratitis 1964 Months
20 M 66 13 Penetrating ocular trauma 1945 Days
26 M 44 5 Buphthalmos, glaucoma Birth
27 M 72 4 Penetrating ocular trauma 1934 Days
29 M 47 3 Retinopathy of prematurity Birth
44 M 59 8 Measles and penetrating ocular trauma 1940 Days
51 M 60 14 Retinoblastoma Birth Years
No eyes present
18 M 44 16 Retinopathy of prematurity, glaucoma Birth
23 M 41 8 Retinoblastoma 1955 Months
24 M 68 12 Retinal detachment 1940s Weeks
28 M 65 7 Leber’s congenital amaurosis 1938 Months
31 M 35 3 Retinoblastoma 1965 Years
33 M 55 4 Penetrating ocular trauma 1947 Days
34 F 19 5 Anophthalmia Birth
36 M 44 3 Behc¸et’s syndrome 1964 Years
43 M 35 12 Retinoblastoma 1962 Months
45 M 42 8 Penetrating ocular trauma 1986 Days
48 F 54 14 Retinoblastoma Birth
PSQI, Pittsburgh Sleep Quality Index (range, 0–21; a score $5 is indicative of a sleep disorder).
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Four LP individuals had less than three significant ac-
rophases and were classified according to their significant
acrophase results albeit with some reservation as to the con-
fidence of the classification. S3 and S37 had single acrophase
times within the normal range, whereas S40 and S47 had
single acrophases outside the normal range. In cases like
these it is not possible to determine whether a single ac-
rophase, normal or abnormal, is part of a free running
rhythm or an entrained rhythm. Observation of the raw data
plots suggested they had relatively stable, and therefore en-
trained, rhythms [normally (S3, S37) or abnormally (S40, S47)
entrained] rather than free running rhythms.
Subjects with no perception of light. Overall, 29 of 30 NPL
subjects showed a significant rhythm in aMT6s production
(Table 2B). With respect to the number of eyes present in NPL
subjects, Table 3 and Fig. 3 show that the distribution of the
circadian rhythm types varied among the 3 NPL subgroups.
The incidence of rhythm abnormalities was greater in uni-
laterally and bilaterally enucleated individuals (2 eyes
present, 42% abnormally entrained, 17% free-running; 1 eye
present, 71% free-running; no eyes present, 91% free-
running; Table 3). One subject (S35) did not show any sig-
nificant rhythm and was defined as unclassified. Three NPL
subjects (S28, S43, and S46) had visibly free-running rhythms,
but the 95% confidence limits of the line crossed 24.00 h. An
additional subject (S45) was classified as free running, al-
though due to technical problems, there were fewer samples,
and the cosinor fits were nonsignificant. Observation of the
raw data plots revealed a free-running rhythm with a t of
approximately 24.9 h.
Overall, of the 30 NPL subjects, 7 individuals were nor-
mally entrained (23%), 5 subjects were abnormally entrained
(17%), 17 subjects appeared to be free running (57%), and 1
was unclassified (3%; Table 3). Figure 2, B and C, shows
representative plots of individuals with abnormally en-
trained and free running aMT6s rhythms, respectively.
In free-running NPL subjects, there was no significant
correlation between t and the age or PSQI score of the sub-
jects (r 5 20.05 and 20.14, respectively). There was no sig-
nificant difference in age, PSQI, or 24-h aMT6s output within
all subjects (n 5 49) when classified according to the four
circadian types (P . 0.05). There was also no effect of rapidity
or duration of blindness on circadian type.
There was a significant difference (P , 0.05) in the mean
amplitude between individuals, although this was not as-
sociated with any particular variable. The mean (6sd) am-
plitudes were 0.6 6 0.4 mg/h (range, 0.1–1.4 mg/h) and 0.5 6
0.3 mg/h (range, 0.1–1.4 mg/h) for LP and NPL subjects,
respectively. However, aMT6s rhythm amplitudes were con-
sistent within an individual; the mean CVs (6sd) for am-
plitude for LP and NPL subjects were 23.6 6 9.7% and 27.9 6
22.9%, respectively. There was no significant difference in the
mean amplitude within and between LP and NPL subgroups
(P . 0.05). Similarly, there was no significant difference in the
mean amplitude between the different circadian rhythm
types (P . 0.05). There was a nonsignificant trend for a
decrease in amplitude with increasing age in all subjects (r 5
20.28).
Disease
Several diseases were prevalent in the study population.
Only individuals with eyes were included in this assessment,
as the loss of eyes clearly prevents analysis of light perception
in relation to disease.
Ten of the 19 LP subjects and 4 of the 19 NPL subjects with
eyes suffered from a form of retinitis pigmentosa (RP).
Eleven of the RP subjects had normally entrained aMT6s
rhythms (8 LP and 3 NPL), and 3 appeared to have abnor-
mally entrained rhythms (2 LP and 1 NPL). Retinal detach-
ment was present in 1 LP subject and 6 of the 19 NPL subjects
with intact eyes. Of these, 2 were normally entrained (1 LP
and 1 NPL), 4 were abnormally entrained (4 NPL), and 1
subject had a free running aMT6s rhythm (1 NPL). No other
diseases were common to more than 3 subjects.
FIG. 1. The mean (6SD) for age (A), PSQI (B), and 24-h aMT6s output
for all subjects according to severity of visual loss (LP subjects) and
the number of eyes present (NPL subjects). The white columns rep-
resent LP subgroups (3/60 vision or better; CF, counting fingers;
HMO, hand movements only; PL, light perception only), and the black
columns represent NPL subgroups (2E, two eyes present; 1E, one
present; 0E, no eyes present). The number (n) of subjects in each
subgroup is shown. There were no significant differences between the
subgroups for age, PSQI, or 24-h output, although there was an
overall significant difference between the ages of LP and NPL sub-
jects, represented by an asterisk (by one-way ANOVA, P , 0.05).
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TABLE 2. Tables 2A and 2B show the mean acrophase times (6SD) and period of the aMT6s rhythm (695% confidence limits) for all LP
and NPL subjects, respectively, categorized by severity of visual loss and the number of eyes present; circadian rhythm type is also shown
Subject No. Acrophasemean (6SD)
Period of aMT6s rhythm
(695% limits) Circadian type
Table 2A
$3/60 vision
4 4.30 (1.10) 24.00 Normally entrained
5 6.23 (0.64) 24.00 Normally entrained
10 4.33 (0.85) 24.00 Normally entrained
12 4.20 (0.64) 24.00 Normally entrained
9 1.03 (0.81) 24.00 Abnormally entrained
47 9.00 Abnormally entrained
8 NS Unclassified
Counting fingers
1 4.48 (1.08) 24.00 Normally entrained
2 3.07 (1.21) 24.00 Normally entrained
19 5.03 (0.74) 24.00 Normally entrained
11 2.43 (1.46) 24.00 Normally entrained
15 8.90 (0.90) 24.00 Abnormally entrained
Hand movements only
3 4.70 Normally entrained
7 4.90 (1.92) 24.00 Normally entrained
21 4.28 (0.21) 24.00 Normally entrained
37 4.10 Normally entrained
Perception of light only
6 4.80 (0.99) 24.00 Normally entrained
41 4.30 (0.70) 24.00 Normally entrained
40 21.20 Abnormally entrained
Table 2B
2 eyes present
25 2.80 (0.62) 24.00 Normally entrained
39 5.73 (1.38) 24.00 Normally entrained
42 3.10 (0.32) 24.00 Normally entrained
49 2.7 (0.28) Normally entrained
13 14.25 (1.08) 24.00 Abnormally entrained
16 20.30 (0.62) 24.00 Abnormally entrained
22 20.57 (0.06) 24.00 Abnormally entrained
38 7.88 (0.59) 24.00 Abnormally entrained
50 7.20 Abnormally entrained
17 17.18 (3.13) 24.34 (24.24–24.44) Free running
46 23.73 (3.59) 24.54 (23.16–25.92) Free running
35 NS Unclassified
1 eye present
27 3.25 (0.53) 24.00 Normally entrained
29 2.13 (0.15) 24.00 Normally entrained
14 21.78 (7.17) 24.79 (24.70–24.88) Free running
20 3.74 (7.57) 24.68 (24.48–24.87) Free running
26 13.95 (3.65) 24.39 (24.05–24.73) Free running
44 13.18 (3.30) 24.35 (24.04–24.66) Free running
51 18.2 (3.40) 24.37 (24.25–24.49) Free running
0 eyes present
34 6.65 (1.17) 24.00 Normally entrained
18 17.05 (8.15) 24.68 (24.47–24.89) Free running
23 17.83 (4.98) 24.39 (24.29–24.49) Free running
24 11.53 (5.57) 24.59 (24.05–25.10) Free running
28 11.86 (4.07) 24.41 (23.83–24.99) Free running
31 5.98 (6.23) 24.68 (24.43–24.93) Free running
33 2.40 (6.45) 24.60 (24.32–24.88) Free running
36 10.25 (5.37) 24.60 (24.32–24.88) Free running
43 10.33 (1.40) 24.13 (23.95–24.31) Free running
45 2.10 .24.00 Free running
48 11.75 (5.41) 24.41 (24.15–24.68) Free running
NS, No significant acrophase times.
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Discussion
The present findings show that a high proportion (77%) of
registered blind people with no perception of light (NPL) had
abnormal circadian rhythms as assessed by the pattern of
melatonin production. Within the NPL group, the incidence
of circadian aMT6s abnormalities is greater in unilaterally
and bilaterally enucleated individuals. Conversely, a much
lower proportion of subjects with light perception or better
(LP) have abnormal aMT6s rhythms (26%), and it appears
that within the LP groups, decreasing vision does not influ-
ence the incidence of abnormal rhythms.
As the phase-shifting effects of light are intensity depen-
dent (38, 39), it is possible that the rhythm abnormalities
found were due to insufficient light intensities in the subjects’
normal environment. The light intensities to which these
individuals were exposed were not measured in this study,
but they were all living in a normal environment and were
exposed to light intensities comparable to those experienced
by sighted individuals who are known to exhibit normally
entrained rhythms in these lighting conditions. Therefore, it
is unlikely that the abnormal aMT6s rhythms observed are
due to insufficient light exposure.
Blind subjects with normally entrained rhythms are likely
to have an intact and functional RHT, whereas in subjects
with free running rhythms, the RHT is likely to be dysfunc-
tional. The type and anatomical position of the disease
and/or the number of eyes present may quantitatively alter
the number of “circadian” photoreceptors of the retina. Of
the NPL subjects, those with one or two eyes present have the
highest proportion of individuals who are normally en-
trained, and this may be due to light entraining the SCN via
an intact retina-RHT-SCN pathway (31, 32). The finding that
some individuals with one eye present have normally en-
trained rhythms supports the idea that bilateral photic in-
nervation is not required for subconscious circadian
entrainment.
Subjects with no eyes by definition do not have an intact
retina-RHT-SCN pathway and, therefore, would not be ex-
pected to have photically entrained rhythms. This hypothesis
is upheld in the present results. Only one subject (S34) did
not appear to have a free running rhythm. Although this
subject has been diagnosed as anophthalmic (i.e. the eyes are
not present), there is the possibility that this subject may have
vestigial eyes remaining (cryptophthalmos), and that sub-
conscious light perception is entraining the rhythm. There
are two other possible hypotheses to explain this finding. A
likely explanation is that our 4-week study was not long
enough to detect individuals with a slow, free running
TABLE 3. Summary of the circadian classification for all subjects according to severity of visual loss (LP subjects) and the number of
eyes present (NPL subjects)
Severity of visual loss
Circadian type
TotalNormally
entrained
Abnormally
entrained
Free
running
Unclassified
LP
$3/60 vision 4 (57) 2 (29) 0 1 (14) 7
Counting fingers 4 (80) 1 (20) 0 0 5
Hand movements 4 (100) 0 0 0 4
Perception of light 2 (67) 1 (33) 0 0 3
Subtotal 14 (74) 4 (21) 0 1 (5) 19
NPL
2 eyes present 4 (33) 5 (42) 2 (17) 1 (8) 12
1 eye present 2 (29) 0 5 (71) 0 7
0 eyes present 1 (9) 0 10 (91) 0 11
Subtotal 7(23) 5 (17) 17 (57) 1 (3) 30
Total 21 9 17 2 49
The circadian type is defined as normally entrained (NE), abnormally entrained (AE), free running (FR), and unclassified (UN) aMT6s
rhythm. Figures in italic parentheses show the percent incidence of each circadian type within each subgroup, and figures in bold parentheses
show the percent incidence in LP or NPL subjects overall.
FIG. 2. Representative plots of weekly 48-h aMT6s profiles (micro-
grams per h) for a normally entrained (S1; A), an abnormally en-
trained (S16; B), and a free running (S18; C) subject. The shaded area
represents the range over which aMT6s acrophase is considered nor-
mal (n 5 80) (English J. and Arendt J., unpublished results).
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rhythm, and that we studied S34 during a normal phase of
a very slow, free running cycle. Alternatively, nonphotic
zeitgebers may be entraining the rhythm: the existence of
such individuals has been previously reported (32).
In those NPL subjects with entrained aMT6s rhythms, this
study cannot determine whether the entrainment is via sub-
conscious light perception or by nonphotic zeitgebers. An
evaluation of melatonin suppression by light (32, 35) would
indirectly test the integrity of retina-RHT-SCN function in
NPL subjects. The identification and role of nonphotic time
cues in human circadian rhythms still requires thorough
investigation. Most of the free running blind subjects (14 of
17) were fully employed with conventional working hours.
As their aMT6s rhythms were not entrained by the very
strong temporal and social signals associated with keeping
working hours, our results imply that the influence of non-
photic zeitgebers on aMT6s rhythms in blind individuals is
likely to be highly individual.
This study used urinary aMT6s as a marker of circadian
rhythmicity. There is extensive evidence that urinary aMT6s
faithfully reflects the timing of both the plasma aMT6s and
melatonin rhythm in entrained and phase-shifted conditions
(5–11). Although the resolution of such rhythm assessments
could be improved by sampling plasma at frequent intervals,
this method, however, is impractical for long term field stud-
ies. The amount of melatonin produced over 24 h does not
appear to differ in blind subjects compared to sighted indi-
viduals (18). Our results confirm the well documented de-
creases in overall melatonin production and amplitude as-
sociated with increasing age (17–19). No other variables were
associated with changes in total aMT6s production.
There are both LP and NPL subjects who appear to be
abnormally entrained to a 24-h day, a result also described
in previous studies (25, 31). These results may be artifactual
due to the restricted length of the study period. A rhythm
appearing abnormally entrained may be free running, but
with a period very close to 24 h, and would, therefore, take
many weeks to exhibit a clear free running rhythm. Similarly,
repeated measurements at regular intervals may coinciden-
tally measure the rhythm at the same circadian period. To
control for this, longitudinal studies are required that mea-
sure rhythms at irregular intervals over at least several
months, and these are currently being completed.
The abnormal timing of strongly endogenous circadian
rhythms (e.g. melatonin, core body temperature, and cortisol)
is known to be associated with some sleep disorders (28–34).
In the present study, the PSQI was used to select patients
with disordered sleep and therefore possibly disordered cir-
cadian rhythms. Our results show that individuals with free
running rhythms had a higher PSQI score than normally
entrained individuals. This difference did not reach statisti-
cal significance because there was a small proportion of
individuals (n 5 3) with free running rhythms who did not
report a subjective sleep disorder according to the PSQI
(PSQI score, ,5).
The effects of specific visual diseases on light processing
for circadian function in humans is unknown. Studies have
attempted to isolate the retinal photoreceptors required for
circadian entrainment (43, 44), but it is still unclear whether
rods, cones, a novel photoreceptor, or a combination or sub-
set of photoreceptor types are involved. Although the asso-
ciation between human ocular disease type and circadian
rhythms has not been investigated fully, preliminary studies
of color-blind individuals suggest that deficient cone func-
tion has no effect on the ability of melatonin to be suppressed
by light (45). Due to the large diversity of visual disorders in
the study population, this report can only draw preliminary
conclusions about the relationship between disease type and
circadian rhythms in the blind. Several diseases were rela-
tively common and could be associated with circadian
rhythm status. Fourteen subjects were diagnosed as having
RP, a group of disorders, some of which affect rods primarily
and others of which affect midperipheral rods and cones. The
majority of these (n 5 11; 79%) had normally entrained
rhythms, suggesting that RP does not significantly interfere
with photic information processing for circadian entrain-
FIG. 3. A–C, Individual weekly aMT6s acrophase with the associated
regression lines for each NPL subject according to the number of eyes
present (two eyes, one eyes, or no eye present, respectively). The
shaded area represents the range of aMT6s acrophases for normally
entrained individuals (n 5 80) (English J. and Arendt J., unpublished
results). The key shows the subject number (S) and the associated t
(hours) of the aMT6s rhythms.
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ment. The possibility exists, however, that a mutation dif-
ferent from those in the subjects tested might affect circadian
entrainment. Of the seven individuals with retinal detach-
ments, two were normally entrained, four appeared to have
abnormally entrained aMT6s rhythms, and one was free
running. Interestingly, of only five NPL individuals in total
with abnormally entrained rhythms, four of these (80%) had
retinal detachments. These preliminary observations should
prompt a closer inspection of visual disease in addition to
levels of light perception of individuals when investigating
circadian rhythms in blind subjects.
In conclusion, this study has shown that blind individuals
with no perception of light (NPL) have a higher incidence of
circadian rhythm disorders than subjects with light percep-
tion, as measured by aMT6s production.
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